Study design: A cross-sectional study. Objectives: To investigate reliability, discriminative ability and concurrent validity of three functional tests (including the 10-meter walk test (10MWT), timed up and go test (TUGT) and five times sit-to-stand test (FTSST)) using the Functional Independence Measure Locomotor (FIM-L) scores as a standard criterion. Setting: A tertiary rehabilitation center, Thailand. Methods: Subjects were 66 patients with spinal cord injury (SCI), who were able to walk at least 50 m unassisted with or without a walking device (FIM-L scores 6-7). They were tested for functional ability using the 10MWT, TUGT and FTSST. Sixteen subjects also assessed the ability using three assessors to evaluate the inter-tester reliability of the tools.
INTRODUCTION
More than 80% of patients with incomplete spinal cord injury (SCI) can regain ambulatory capability. 1,2 However, their walking ability is likely to be limited to within the house, for a short distance or with the support of an assistive/walking device. 3, 4 Clinically, walking devices are commonly prescribed to compensate for the reduction of walking ability, balance control and lower extremity muscle strength (LEMS) in order to promote a level of independence for the patients. [4] [5] [6] However, long lasting use of a walking device poses negative impacts on the patients such as induced abnormal posture and musculoskeletal pain, required high attention demand and energy expenditure, and increased risk of fall. 7, 8 Mahoney et al. 9 also reported that the use of a walking device was associated with an increased risk of functional decline in the elderly. Therefore, the incorporation of a valid and reliable objective tool relating to the requirements of a walking device is important to monitor the level of independence of patients.
The 10-meter walk test (10MWT) reflects walking speed that relates to motor function and overall quality of walking. 10 The timed up and go test (TUGT) measures balance control during upright and walking activities. 11 The five times sit-to-stand test (FTSST) correlates with LEMS, multiple sensorimotor processes, balance control and psychological status. [12] [13] [14] These tests are practical and measure levels of abilities relating to the requirement of walking devices. The use of these tests may clearly quantify functional alteration and benefit monitoring process for these individuals.
The FTSST has been extensively applied to measure LEMS and balance control in many groups of subjects. [12] [13] [14] However, there is no existing literature on the use of this test in patients with SCI. For the 10MWT and TUGT, van Hedel et al. 15 report that these tools are valid and reliable to assess walking ability in patients with SCI. However, the study utilized the Walking Index for Spinal Cord Injury II (WISCI II) as a standard criterion for subject classification. 15 The tool incorporates 0-20 gradations according to physical assistance and devices required for walking 10 m. 16 Such ranking scores are based on impairment improvement rather than independent function, thus focus on capacity not disability or burden of care. 17 van Hedel et al. 15 also questioned whether the ranking categories in the WISCI II are optimal because the crucial goal in patients with SCI is to achieve independent walking even if orthoses or other walking aids are used. For example, category 16 (ambulates with two crutches, no braces and no physical assistance, 10 m) is scored poorer than category 17 (ambulated with no devices, no braces and physical assistance of one person, 10 m). 18 The researchers indicate that it may be better to score independent walking as being superior to the requirement of external assistance. 15 This may suggest the use of criteria from other disability scales to classify levels of independence of patients with SCI such as the Functional Independent Measurement Locomotor (FIM-L) scores, which by definition measure levels of functioning of patients in different environments that accurately reflect burden of care. 10, 19 Thus this study evaluated the reliability and validity (in terms of discriminative ability and concurrent validity) of the 10MWT, TUGT and FTSST using the FIM-L scores as a standard criterion. Findings of the study would direct the use of these tests to quantify and monitor the levels of independence of the patients.
MATERIALS AND METHODS

Subjects and Setting
The study was executed during April 2011-May 2012 in a tertiary rehabilitation center, Thailand. Seventy-nine independent ambulatory patients with incomplete SCI from either traumatic or non-traumatic causes agreed to participate in the study. The inclusion criteria were ability to stand up from a chair or bed independently without the use of hands and to walk independently with or without a walking device at least 50 m continuously (FIM-L scores 6-7). Thirteen patients were excluded ( Figure 1) ; thus 66 patients completed the validity test and 16 of them also participated in the inter-tester reliability test. Figure 1 shows subject participation flowchart. Table 1 presents baseline demographics and SCI characteristics of subjects. Eligible subjects are needed to sign an informed consent document approved by the local ethics committee prior to taking part in this study.
Experimental procedures
Subjects participated in the study for two consecutive days. On the first day, they were interviewed and assessed for their baseline demographics, SCI characteristics and baseline walking ability (ability of walking at least 50 m continuously with or without a walking device). Then, subjects were arranged into two groups according to the requirements of a walking device (FIM-L scores). Subjects with FIM-L 6 were those who could walk independently at least 50 m with the use of a walking device, and FIM-L 7 referred to those who were able to walk independently at least 50 m without using any assistive devices. 10 On the second day, subjects were tested for their functional abilities using the 10MWT, TUGT and FTSST in a random order using the Latin square to minimize carrying-over effects due to sequences of the tests that might occur such as fatigue and learning effects. Each test was performed over three trials, and the average performance of the three trials was used for data analysis. In order to warrant safety, subjects had to wear a safety belt around their waist with a physiotherapist walking or being at the side of the subject throughout the tests. Details of the tests are as follows:
10MWT. Subjects walked with a preferred walking device at a comfortable pace along a 10-m walkway without any break to the end point. In order to minimize acceleration and deceleration effects, the test recorded the time required to cover the middle 4 m of the walkway. 20 Then the time required over the 4 m was converted to walking speed.
TUGT. Subjects stood up from an armrest chair, walked around a traffic cone that was located 3 m away from the chair, and returned to sit down on the chair at a maximum and safe speed. During the test, subjects were able to use a preferred walking device. The test recorded the time taken from the word 'Go' until the subject's back was against the backrest of the chair. 11 FTSST. Subjects sat on an armless chair with their arms on the sides, back upright, hip flexion 90 degrees and feet flat on the floor at 10 cm behind the knees. Then they were instructed to stand up with the hips and knees in full extension, and sit down five times as quickly and safely as they could without using the arms. This test recorded the time from the command 'Go' until the subject's back touched the backrest of the chair on the fifth repetition. 12, 21 Reliability test. The study investigated inter-tester reliability of the tools in 16 subjects with FIM-L 6 and 7 (eight subjects/group) using three physiotherapists who had different clinical experience (range 2-5 years). Prior to participation, the assessors were trained to use the same and standard methods. Then they simultaneously evaluated ability of each subject using the 10MWT, TUGT and FTSST in a random order. Each test was performed three trials with a period of sufficient rest between the trials. The average findings for the three trials of each assessor were used to analyze the intertester reliability of the tools.
Statistical analyses
Data were analyzed using the SPSS for Windows program (SPSS Statistics 17, IBM Corporation, 1 New Orchard Road Armonk, NY, USA, serial number: 5068054). Descriptive statistics were applied to explain baseline characteristics and findings of the study. The intraclass correlation coefficients (3,3) were utilized to determine the inter-tester reliability of the tests. The independent samples t-test was used to compare the findings of continuous data between subjects who walked with (FIM-L 6) and without walking devices (FIM-L 7). The point biserial correlation coefficient (r pb ) was applied to determine the levels of correlation between findings of functional tests and walking categories (FIM-L scores). The level of significance was set at Po0.05. 
Age (mean ± s.d.) (years) a 50.9 ± 13.4 50.2 ± 9.5 50. Abbreviations: AIS, American Spinal Injury Association Impairment Scale; FIM-L 6, subjects walked X50 m with the use of walking devices; FIM-L 7, subjects walked X50 m without the use of walking devices. a The comparison between subjects with FIM-L 6 and FIM-L 7 using the independent sample t-test was not significant differences (P40.05).
RESULTS
The three functional tests demonstrated excellent inter-tester reliability in both subjects who walked with and without a walking device (intraclass correlation coefficients ¼ 0.997 À1.00, Table 2 ). Subjects with FIM-L 7 walked at a significantly greater speed and required significantly less time to complete the TUGT and FTSST than those with FIM-L 6 (Po0.001, Table 3 ). These functional tests significantly correlated with the levels of walking ability as classified using the FIM-L scores (Po0.001). Among the three tests, the 10MWT showed the highest correlation with the FIM-L scores (r pb ¼ 0.778), followed by the TUGT (r pb ¼ À0.692) and FTSST (r pb ¼ À0.595), respectively.
DISCUSSION
Walking devices are often required to promote balance control and reduce lower-limb loading by allowing stabilizing reaction forces to be generated at the upper extremities so that the patients can maintain balance and move more independently. 6 However, walking with a walking device needs considerable attention, neuromotor, musculoskeletal, physiologic and metabolic demands that affect walking speed and long-term ability. 4, 6 The 10MWT, TUGT and FTSST quantify different aspects of functional abilities relating to the requirement of walking devices. Thus they could clearly distinguish between subjects who walk with and without a walking device ( Table 3 ). The 10MWT reflects walking speed that associates with motor function, walking endurance and overall quality of gait. 10 The TUGT requires subjects to perform sequential locomotor tasks that incorporate sitting-to-standing, walking and turning activities. Results of the test correlate with levels of functional mobility, balance and postural control, walking ability and the risk of falls. 11 The FTSST is a sensitive and responsive tool to assess proximal muscle strength of the lower extremities, sensorimotor integration and balance control, which are vital for the capability to wean off a walking device. 4, 6, 8, [12] [13] [14] These tests are also reliable and significantly correlated with walking categories (Table 2 ). Higher levels of correlation of the 10MWT and TUGT may be that these tests incorporate more complex tasks relating to walking than the FTSST. Previously, van Hedel et al. 15 reported that the 10MWT, TUGT and 6-minute walk test (6MinWT) correlated well with the levels of walking ability as determined using the WISCI II scores. However, in subjects with severe walking disability (WISCI II scores p10), the correlation was positively low with the TUGT (P ¼ 0.16), and negatively low with the 10MWT and 6MinWT (P ¼ À0.24 and À0.22, respectively). 15 This infers that improved walking ability, as indicated by the WISCI II scores, relates to the increased time required to complete the TUGT, and decreased walking speed and distance covered in 6 min. However, when the researchers divided subjects into dependent and independent walkers, the correlation was returned as expected. 15 Therefore, the researchers suggest the classification of patients with SCI in terms of levels of independent walking rather than the requirement of external assistance. This study employed standard criteria from the FIM-L scores (FIM-L 6 and 7) in order to classify subjects into independent walkers and modified independent walkers, irrespective to types of a walking device used. Although the FIM-L had less sensitivity to detect changes than the WISCI II, the study applied the FIM-L as a standard criterion to categorize walking ability of the subjects without the aim to monitor their functional alteration. Furthermore, ability of independent walking may minimize confounding effects due to levels of external assistance and fatigue on outcomes of the tests. Thus, findings of this study further support the reliability and validity of the 10MWT and TUGT to assess and monitor the levels of independence in patients with SCI.
For LEMS, it is normally assessed using the method of manual muscle test. 22 However, the method has been criticized for its reliability and sensitivity, particularly for the scores above the grade 3/5 level. 13 Moreover, the method measures the strength of individual key muscles of the lower extremities as designated by the American Spinal Injury Association protocol. These muscles, however, do not include the important contributors for walking such as hip extensor and hip abductor muscles. 23 Testing on individual muscles also does not account for other contributors to functional ability such as the coactivation of muscle groups, balance control and sensation of individuals. 24 On the contrary, many studies report that findings of the FTSST are significantly associated with LEMS, balance ability, sensorimotor process and psychological status. [12] [13] [14] However, the investigation was executed in other groups of subjects and the correlation with sensorimotor, balance and psychological status was rather low (R ¼ 0.08-0.28, Po0.05 to Po0.01). 14 From the authors' knowledge, there is no existing evidence for the use of FTSST in patients with incomplete SCI. Thus findings of the study primarily support the use of this tool in patients with SCI.
The three functional tools are time-based assessments that the results are sensitive and clearly quantify functional alteration in patients with SCI who walk with and without a walking device. van Hedel et al. 18 suggest that a sensitive tool is important to detect small changes due to possible positive or negative treatment effects. However, a sensitive tool may encounter a problem of internal consistency and report meaningless alteration. Moreover, results of such tests cannot indicate impairments (affected systems or muscles). Therefore, the tools may be suitable to be used as a screening or monitoring tool, and a thorough system (motor or sensory) assessment, that is, manual muscle test, is still needed. Moreover, a further investigation, such as appropriate effect sizes or cutoff scores to predict ability to wean off a walking device, would enhance the utility of these tools. Abbreviations: CI, confidence interval; FIM-L 6, subjects walked X50 m with the use of walking devices; FIM-L 7, subjects walked X50 m without the use of walking devices. *P-value from the Intraclass correlation coefficients (ICC) (3,3)o0.001. Abbreviations: FIM-L 6, subjects walked X50 m with the use of walking devices; FIM-L 7, subjects walked X50 m without the use of walking devices. Data were presented using mean ± s.d. *P-value from the independent samples t-test o0.001.
CONCLUSION
The study evaluated reliability, discriminative ability and concurrent validity of the 10MWT, TUGT and FTSST in independent ambulatory subjects with SCI. The findings support reliability and validity of the tools. Thus, clinical assessments using these tools may clearly quantify functional alteration in ambulatory patients with SCI.
